We describe temporal trends in stroke incidence stratified by age from our populationbased stroke epidemiology study. We hypothesized that stroke incidence in younger adults (age 20-54) increased over time, most notably between 1999 and 2005.
The Greater Cincinnati/Northern Kentucky Stroke Study (GCNKSS) is a retrospective, population-based epidemiology study designed to study trends in stroke incidence and mortality, with an emphasis on racial disparities. [1] [2] [3] [4] As in other studies, 5, 6 we have observed a decrease in overall stroke incidence in white patients over time, although a similar trend was not observed for African Americans. 4 Several factors led us to examine stroke incidence trends in younger age groups. We previously reported on diabetes-specific risk for stroke incidence, noting that diabetes is a very powerful risk factor for stroke in those under age 55. 7 Given our diabetes stroke incidence results, and given the increasing prevalence of diabetes and obesity among younger people, 8 -10 more strokes might be expected at younger ages. Furthermore, we made the clinical observation in the early 2000s that a higher proportion of younger stroke patients were being admitted to our main teaching hospital. We thus hypothesized that we would see more strokes in the young over time, specifically hypothesizing that there would be more young strokes in the 2005 study period as compared with earlier study periods with a trend toward younger stroke age over time. METHODS We ascertained stroke events that occurred in the population during 3 year-long study periods: between July 1, 1993, and June 30, 1994 , and in calendar years 1999 and 2005. Details of our case ascertainment and how methods have been held constant among the 3 periods have been previously published. 4 The GCNK region includes 2 Ohio counties and 3 contiguous Northern Kentucky counties that border the Ohio River with 19 hospitals active in 1993/1994, 18 in 1999, and 17 in 2005 . Only residents of the 5 study counties are considered for case ascertainment. This study was approved by the Institutional Review Board at all participating hospitals for each study period.
Study nurses screened the medical records of all inpatients and emergency department visits with primary or secondary stroke-related ICD-9 discharge diagnoses (430 -436) from all acute care hospitals in the study region. Additional strokes were ascertained by reviewing 1) cases for which stroke was listed as the primary or secondary cause of death by 1 of the 5 county coroners' offices; 2) all stroke-related visits to local public health clinics and hospital-based outpatient clinics; and 3) records of potential stroke cases in a random sample of primary care physicians' offices and nursing homes in the GCNK region. Details of the exact number of sites by study period may be found in table e-1 on the Neurology ® Web site at www.neurology.org. Sampling was necessary given the large number of physician offices and nursing homes in the region. Sites were selected randomly, for each study period, by the study statistician from a list generated from a combination of the local yellow pages and the American Medical Association listing of physicians. All events were cross-checked within and between sources to prevent double counting.
To qualify as an incident case, a patient must have met the clinical criteria for one of the stroke categories adapted from the Classification for Cerebrovascular Diseases III 11 and used in our previous work [1] [2] [3] [4] : cerebral ischemia, intracerebral hemorrhage (ICH), subarachnoid hemorrhage (SAH), or stroke of uncertain cause. Imaging results were not considered in this clinical definition except for the presence of hemorrhage on CT or MRI for hemorrhagic events. Only first-ever events were included for this analysis. TIA, defined as symptoms lasting Ͻ24 hours regardless of imaging results, were not included. The onset of stroke symptoms must have occurred within the study time periods; discharge lists were screened for 60 days beyond the end of each study period to capture patients with a stroke in the period but not discharged until later.
Study nurses abstracted information on all potential cases regarding stroke symptoms, physical examination findings, past medical/surgical history (including stroke risk factors), prestroke medication use, social history/habits, prehospital evaluation, vital signs and emergency room evaluation, neurologic evaluation, diagnostic test results (testing, EKG/cardiac testing, and all neuroimaging), treatments, outcome, type of insurance, and current address. Classification of race/ethnicity was as self-reported in the medical administrative record; ethnicity was not uniformly collected. The study population of the GCNK region consists of Ͻ3% Hispanic and other minorities; all self-identified black or white subjects were included in our analysis. Height and weight information was not collected in 1993/1994, only partially collected in 1999, and collected throughout all of 2005.
Study physicians reviewed every abstract to verify whether a stroke or TIA had occurred, then assigned stroke category and mechanism to each event based on all available information using definitions described previously.
Descriptive statistics included means or medians, as appropriate. In testing for trends over time, we tested for significant changes between periods as well as for overall time trend, with the null hypothesis of no change. We used a mixed-model approach for both categorical and continuous variables to account for the weighting and sampling scheme. We adjusted for multiple comparisons using the Bonferroni correction.
The numerator for incidence rate calculation was the number of first-ever strokes confirmed by physician review, ascertained through inpatient records or emergency departments, plus the number of first-ever strokes ascertained through public health clinics, hospital-based outpatient clinics and family practice centers, and coroners' offices, plus a weighted estimate of the number of strokes ascertained only in the physician's office or nursing home. As an example, events ascertained in physicians' offices and nursing homes for 2005 events were multiplied approximately 16-and 5-fold, respectively, to account for the sampling methodology. Events were considered to be noncases if medical records could not be located to confirm the event.
The denominator for the incidence rate calculation was obtained from the US Census Bureau Web site (www.census.gov). These estimates are based on extrapolation or interpolation of county population between enumerated census years, accounting for births, deaths, and migration. These denominators were not adjusted to exclude those with prior stroke, as we do not have accurate prevalence estimates in our population for each study year, only from the telephone surveys (see next paragraph). The at-risk population included 218,906 black patients and 1,100,950 white patients for 2005.
The 95% confidence intervals for the incidence rates were calculated assuming a Poisson distribution. Age-, race-, and gender-specific rates were also determined. All adjusted rates were standardized to the 2000 US population. Rates were calculated for adults only (age Ն20).
To examine changes in risk factor prevalence, we utilized data from 3 random-digit dialing telephone surveys performed in our study region during 1995, 12 2000, 13 and 2005, 14 as well as risk factor prevalence data from the National Health and Nutrition Examination Surveys (NHANES). [15] [16] [17] Survey methods have been previously described and our full population survey results have been reported. [12] [13] [14] 
RESULTS
The raw number of first-ever strokes ascertained among residents Ն20 years of age was 1,942 in 1993/1994, 2,034 in 1999, and 1,916 in 2005. The numbers of strokes ascertained only via hospital admission were 1,907, 1,995 and 1,883, respectively. The demographics of these defined stroke populations were similar as seen in table 1, although the 2005 first-ever stroke population had a significantly higher proportion of black patients ( p ϭ 0.02) and was younger than both the 1993/ 1994 and 1999 populations ( p Ͻ 0.0001). Significant increases were seen in the proportion of strokes among those 20 -44 and those 20 -54 (see table 1), with proportions increasing from 4.1% to 6.4% and from 12.9% to 18.6%, respectively, between 1993/ 1994 and 2005. Table 2 shows age-and race-specific incidence trends. In both black and white patients, there were trends toward stroke incidence rates increasing in the younger ages and decreasing among the oldest sub-jects. Statistically significant increases in the rates of first-ever stroke were seen for white patients aged 20 -44, and for both black and white patients when combining our 2 lowest age groups (for those 20 -54 years old). Statistically significant decreases were seen only for white patients aged 75-84 and Ն85. Similar directional trends were seen in black patients but the smaller number of events limits power.
Increases were seen primarily in ischemic stroke. Among our first-ever strokes we found that there is a trend toward a higher proportion of ischemic stroke and lower hemorrhagic stroke in ages 20 -44, especially in 2005 compared to earlier periods (table 3) . Among those 45-54 years old, the proportion of hemorrhagic stroke increased slightly from 1993/1994 to later periods. The only statistically significant change was a decrease in ischemic stroke for the 45-to 54-year-olds. Incidence rates for ICH and SAH did not change significantly over time (data not shown).
National data show that stroke risk factors (especially diabetes and obesity) are increasing at younger ages, 18 -20 and thus likely increasing stroke risk in the young. Table 4 shows risk factor prevalence results of a telephone-based random-digit dialing survey in our region for subjects 20 -54 years old (middle panel) in comparison to risk factor prevalence from stroke sub-jects in these same periods (left panel). These data show that among the survey respondents in our population, there was a significant increase over time in the prevalence of high cholesterol (p ϭ 0.04 for trend). Surprisingly, the prevalence of diabetes was statistically unchanged over time among survey participants, although the number surveyed in the younger age group is small. Among our stroke patients (left panel) the only significant trend was more coronary heart disease (CHD) reported in 1999 and 2005 as compared to 1993/1994; this is in contrast to our population survey results (middle panel) where the prevalence of CHD did not change over time. As would be expected, the prevalence of stroke risk factors including hypertension, diabetes, CHD, and current smoking are all elevated in the younger stroke population compared to the population survey, whereas the prevalence of high cholesterol surprisingly is lower. Table 4 shows NHANES national prevalence data in the right-hand panel for comparison. Table 5 shows imaging rates across the 3 study periods, and demonstrates a significantly higher rate of MRI obtained over time. Only 18% of all firstever stroke patients received an MRI in 1993/1994 compared to 27% in 1999 and 58% in 2005. Importantly, the proportion receiving MRI varied significantly by age, with younger patients more likely to receive MRI in 2005 vs prior periods. There were significant differences in obtaining MRI by age ( p Ͻ 0.0001) and study period ( p Ͻ 0.0001), but the age ϫ period interaction was not statistically significant. Thus while younger patients had higher rates of receiving MRI, the relative increase in imaging over time was similar across all ages. It is important to note that the clinical stroke definition used for calculating incidence rates did not include imaging findings except for assessing hemorrhage. Documentation of street drug abuse in the medical record of stroke patients increased from 0.6% to 1.9% to 5.9% in 1993/1994, 1999, and 2005, respectively. Street drug abuse documentation was more prevalent among stroke patients in the youngest ages. In 2005, 23% of first-ever stroke patients age 20 -44 used street drugs, compared to 21% of the 45-to 54-year-olds and 2.2% for those 55 and older. Street drug abuse was reported in 11% of ICH and 15% of SAH, but only 4% of ischemic stroke. Given the lesser frequency of hemorrhagic stroke, substance abuse contributes to the total burden of young stroke in only a minor way. However, the relatively high proportion of street drug use by hemorrhage patients might explain the increase in ICH seen in later periods (table 3) . DISCUSSION In our population-based study, we found increased incidence of ischemic stroke in the Unknown etiology 0 (0.0) 1 (0.9) 1 (0.7) 0 (0.0) 0 (0.0) 3 (6.8) 0 (0.0) 1 (0.3) 4 (4.7)
a No. (weighted %, taking sampling methodology into account for out-of-hospital ascertainment). b p ϭ 0.04. young (age 20 -54) for both black and white patients over time, especially in 2005 compared to earlier study periods. We also saw declining stroke incidence rates in the oldest age groups for black and white patients. Our incidence rate changes are supported by a trend toward higher rates of prevalent stroke among 20-to 54-year-olds in our population survey.
Our results must be taken within the context of changing trends in stroke incidence. Stroke incidence rates are declining over time in white patients within our population and others, 4 -6 although a similar trend was not seen in black patients within the Greater Cincinnati region. 4 Any decline in stroke incidence is positive from a public health prospective, but reduced incidence in older ages is counterbalanced by the worrisome trend of younger strokes with substantial productive life years lost and immense health care expenses over time.
Other studies regarding stroke in younger age groups have reported incidence rates ranging from 3-23 per 100,000 over the last 3 decades. [21] [22] [23] [24] None of these studies presented incidence trends over time.
George et al. 25 reported trends in younger stroke. They utilized the Nationwide Inpatient Sample of the Healthcare Cost and Utilization Project and identified hospitalized strokes between 1995 and 2008 using ICD-9 codes. They reported an increased prevalence of hospitalizations for ischemic stroke in all age groups Ͻ45 years over this time period except for females age 5-14. Prevalence of stroke risk factors including hypertension, diabetes, obesity, hyperlipidemia, and smoking increased during their study period among hospitalized patients aged 15-44.
The reasons for our incidence trends are not clear. SAH is more common in young adults, and hemor-rhages account for a higher proportion of childhood and young adult strokes, 26 -29 but the younger age of strokes in our population is not attributable to an increase in hemorrhagic stroke. Young persons with stroke have significantly different etiologic subtype patterns as compared to older patients. 21, [23] [24] There was a notable increase in CHD prevalence in our young stroke subjects. A detailed analysis of ischemic stroke etiologic subtype will be forthcoming; whether more cardioembolic strokes can explain some of the incidence trends is beyond the scope of this article. Increasing rates of drug abuse were seen in our young stroke patients over time. In another study, recent illicit drug use occurred in 12.1% of young stroke patients 30 whereas another report documented cocaine use in 27%-38% of young stroke patients. 27 Reported rates of illicit drug use in our work, and others, must be viewed with caution as documentation is not uniform in the medical record.
It is possible that the trend toward younger stroke is related to changing risk factor prevalence. We compared our local prevalence data to the national NHANES survey periods in 1988 -1994, 1999 -2000, and 2005-2006 . [15] [16] [17] These NHANES periods, comparable to our study periods, show a significant trend toward more diabetes, high cholesterol, and obesity over time among survey respondents age 20 -54 (table 4, right panel), consistent with known national trends from other studies. 23, 31, 32 The prevalence changes seen in our population did not exactly match those in the nationally representative NHANES study; this may be due to differences in our community or by chance given the small numbers of young subjects sampled in our survey. Many young adults do not see a doctor regularly and prevalence estimates may thus be underestimates. Among our stroke subjects, we saw small increases in stroke risk factors and a significant increase in CHD in the last 2 study periods, consistent with George et al. 25 Increasing stroke risk factors in the young should lead to earlier strokes, assuming that stroke is often the end result of sustained risk factors. Stroke prevention treatments may have been applied preferentially to the elderly where physicians expect stroke to occur, and less so in young adults where stroke is considered unlikely. This may partially explain trends in incidence seen over time, but it is not possible to make causal inferences from our population-level data. Given the increase in stroke among those Ͻ55 years old, an important public health message is that younger adults should see a physician regularly to monitor their health and risk for stroke and heart disease. Furthermore, physicians seeing young adults must identify and treat risk factors for macrovascular events such as stroke.
A final possibility is that more strokes in the young are being detected due to greater use of MRI. Our data show substantially increased MRI use over time, and younger patients were more likely to receive MRI than older patients. We did not use imaging results in physician adjudications for this incidence analysis, although imaging results could have biased ascertainment via changes in ICD-9 discharge coding, which we used to identify potential cases.
Limitations include the possibility of methodologic drift, especially related to ascertainment (as above) or case determination. Our methodology captures the effect of imaging on incidence, maintaining our case definition while creating a second variable to capture imaging-proven cases that do not meet the clinical case definition. While we remained steadfast in our clinical case definition, adjudicators were not blinded to imaging results and we cannot completely exclude drift in physician adjudication. Further potential limitations include incomplete case ascertainment or differential bias in ascertainment by age independent of imaging. Due to the large size of our metropolitan population, we only study incidence once every 5 years, and cannot look at continuous trends. We cannot therefore rule out that our 2005 incidence rates are aberrant, although our findings match the population survey trend regarding prevalent stroke and the work of George et al. 25 Both our risk factor prevalence data and those of NHANES are limited to self-report, and are subject to limitations of telephone surveys and healthy participant bias. We did not capture body mass index in our population survey, and cannot comment on the effect of obesity in our population over time. Each survey period included approximately 600 respondents under age 55, and our ability to measure changes in risk factor prevalence in these age groups is limited.
The strengths of our article include a populationbased epidemiologic study that has been carried out periodically over 15 years. Our study includes physician confirmation of suspected cases and we have made a conscientious effort to prevent methodology changes over time. The core group of nurse abstractors and physician adjudicators has remained relatively constant.
